Abstract: Random sample surveys have been used for public health surveillance for about 50 years and have grown in size over that time. Such surveys are sufficiently large to estimate the sizes of relatively small subpopulations, such as patients with chronic diseases, helped by pooling multiple years of the same survey. Survey estimates of population sizes have been used as denominators to estimate death rates from specific causes within specific subpopulations. Since these are ratio estimates, with both numerator and denominator being estimates, additional examination is required to evaluate their reliability. We illustrate these methods for rates using deaths due to diabetes and the estimated population of diabetics to compute death rates due to diabetes among diabetics by age and sex. Substituting the much smaller population of people at risk for the total population yields useful information about the burden of disease.
Modern public health surveillance systems that use random sample surveys of the population have been in use for 50 years and are now large enough to estimate, often with fairly high accuracy, the sizes of small subpopulations of people with a chronic disease. These estimated populations have been used as denominators to compute cause-specific death rates within such subpopulations [1] . In this paper, we illustrate the proper statistical use of such ratio estimates, accounting for random variation in the denominator as well as the numerator, with death rates due to diabetes in the subpopulation of persons with diabetes. Substituting the much smaller diabetic population for the total population to compute death rates better informs our understanding of the burden of disease.
We compute estimated death rates using the Behavioral Risk Factor Surveillance System (BRFSS), a large, nationwide sample, to estimate the population of diabetics and counts of deaths due to diabetes in the United States. The estimated death rates due to diabetes within the diabetic population are ratios estimated as the number of deaths due to diabetes over the survey estimate of the size of the diabetic population.
METHODS
The BRFSS is a random digit dialed (RDD) telephone survey of the U.S. adult population that is conducted by state and territorial health departments under the sponsorship of the Centers for Disease Control (CDC). The BRFSS includes questions on a range of health topics related to chronic diseases and preventive behaviors. A summary description of this surveillance system has been given by Holtzman [2] March 1, 2008) to compute estimates and standard errors that account for the complex sample design of the BRFSS. The sampling weights were used as supplied with the public use files, states were used for strata and clusters were used in states that had used cluster sampling. We computed the total of the population estimates for all three years and its variance, the sum of the variances for all three years.
The counts of deaths with diabetes for 1999-2001 were obtained from the National Center for Health Statistics, a division of CDC (http://www.cdc.gov/nchs/, March 1, 2008) . Separate counts for any mention of diabetes and for diabetes as underlying cause were done by age and sex. We estimated the variance and standard deviation (SD) of each total count as the square root of the count, assuming a Poisson distribution for the number of deaths [3] .
Each death rate was estimated as the ratio of the total number of deaths, X, during 1999-2001 to the sum of the estimated populations, Y, for 1999-2001. The estimated variance and standard error of the ratio, X/Y, used a formula based on the Taylor series expansion of the ratio [4] . For two independent random variables, X and Y, both positive, the estimated standard error of their ratio is se(
Such ratio estimates require stable estimates, especially for the denominator. Stability for random variables that are non-negative, such as counts of events or estimates of populations, can usually be indicated by low coefficients of variation (CV)-the ratios se(X)/X and se(Y)/Y -preferably under 0.1 [5] .
We obtained the population of the United States (US) by age and sex for June 1, 2000 (from http://www.census.gov, March 1, 2008 ) and computed population death rates for diabetes as the average deaths in 1999-2001 divided by the census counts for each age-sex combination.
The ratio estimates of death rates (per 100,000), their 95% confidence intervals, and their coefficients of variation are also reported. These rates are compared with the corresponding rates computed using the US Census. We also report the estimated populations of diabetics overall, by sex, and by age and sex, as well as their standard errors (SE) and coefficients of variation (CV) and the same statistics for counts of deaths. The estimated population pyramid of diabetics aged 25 and up is shown and compared to the US Census.
RESULTS
The estimated average population of diabetics during 1999-2001 was 13.13 million (SE=0.12 million, CV=0.0094), including 6.35 million men (SE=0.09 million, CV=0.0034) and 6.78 million women (SE=0.08 million, CV=0.0025). The number of deaths in three years with any mention of diabetes as a cause was 641 thousand (SE=800.3, CV=0.0012), including 304 thousand men (SE=551.1, CV=0.0018) and 337 thousand women (SE=580.4, CV=0.0017). The number of deaths in three years with diabetes as the underlying cause was 208 thousand (SE=456.6, CV=0.0022), including 95 thousand men (SE=308.7, CV=0.0032) and 112 thousand women (SE=336.5, CV=0.0030).
The ratio estimates of the death rates (per 100,000) were, for all diabetics, 1,626.7 (95% CI: 1,595.8-1,657.6, CV=0.009), for men 1,595.5 (95% CI: 1,548.3-1,642.6, CV=0.015), and for women, 1,656.0 (95% CI: 1,614.9-1,697.0, CV=0.012). The ratio estimates of the death rates (per 100,000) for diabetes as the underlying cause were, for all diabetics, 529.4 (95% CI: 519.2-539.7, CV=0.010), for men, 500.4 (95% CI: 485.4-515.4, CV=0.015), and for women, 556.6 (95% CI: 542.5-570.7, CV=0.013). Note that the difference between men and women is not statistically significant for diabetes as any cause but women have a significantly higher rate for diabetes as the underlying cause, since the confidence intervals for the former overlap, but do not for the latter.
The estimated three year totals of the diabetic population by age and sex are shown in Table 1 and the counts of deaths involving diabetes are shown in Table 2 . The average population estimate for three years is shown in Fig. (1A) and the census counts are shown for comparison in Fig. (1B) . The estimated populations increase across age, except at the oldest age, 75 years and over. All the CVs are below 0.1, so these estimates are sufficiently stable to compute reliable rates. The diabetic population has a substantially older age pattern than the US population as well as being substantially smaller. There are relatively more females at older ages than at younger ages. Some caution might be appropriate for rates computed for the youngest age group of males which has the largest CV at 0.079.
The ratio estimates of death rates, by age and sex, their 95% confidence intervals, and coefficients of variation are shown in Table 3 . All the coefficients of variation are below the recommended limit of 0.1, though those for males aged 25-34 are close at 0.083 and 0.086. The death rates for men are higher than those for women at every age except 75 and over.
The death rates are higher for men than for women both for diabetes as the underlying cause and for any mention of diabetes as a cause, with the single exception of any mention of diabetes at age 75 or over. These differences are statisti- 
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The Open Demography Journal, 2008, Volume 1 13 cally significant since the corresponding confidence intervals do not overlap. The death rates due to diabetes in the US population are shown in Table 4 for comparison with the estimated rates in Table 3 . The pattern of death rates is quite different. The US death rates are much lower at younger ages than at older ages, for both males and females., both for any mention of diabetes and for diabetes as the underlying cause. Comparison of these rates at younger ages, in particular, indicates that deaths among young diabetics is a more substantial problem than one might conclude from the US rates. 
DISCUSSION
Estimation of death rates due to diabetes among the population of diabetics provides useful information by restricting the population to the people at risk from the specific cause. Most importantly, the age pattern of death rates is quite different, with much higher death rates among diabetics at younger ages than at older ages than we see with diabetic death rates in the US population. This is a result of the relatively much smaller estimated population of diabetics at younger ages, compared with the size of the US population. Among these younger diabetics, deaths due to diabetes are more frequent than the US rates show. Also, the agespecific death rates among diabetics are lower for men than for women over age 74, whereas the US death rates are higher. These patterns suggest that the burden of diabetes is higher among young diabetics than is indicated by death rates in the US population.
There are more diabetic men at each age interval from 35 to 64 and men had higher death rates except over age 74. These indicate that the burden of disease is systematically greater among men.
Large sample surveys used for public health surveillance can be used to compute reliable denominators, the population estimates of the rates. These are ratio estimators, that is, the denominator as well as the numerator is a random variable and this must be accounted for not only in estimating the variance of the ratio but the reliability of such a ratio must also be evaluated, most simply but only approximately, with the coefficient of variation of the denominator. Such rates can yield valuable perspectives on the burden of chronic diseases. Careful design of survey questionnaires to obtain chronic disease status that correspond to causes of death would strengthen this sources of information.
